Purpose Inconsistent evidence of a relationship between neighborhood disadvantage and adolescent mental health may be, in part, attributable to heterogeneity based on urban or rural residence. Using the largest nationally representative survey of US adolescent mental health available, we estimated the association between neighborhood disadvantage and adolescent emotional disorders and the extent to which urbanicity modified this association. Methods The National Comorbidity Survey Replication Adolescent Supplement (NCS-A) sampled adolescents aged 13-17 years (N = 10,123). Households were geocoded to Census tracts. Using a propensity score approach that addresses bias from non-random selection of individuals into neighborhoods, logistic regression models were used to estimate the relative odds of having a DSM-IV emotional disorder (any past-year anxiety disorder, major depressive disorder or dysthymia) comparing similar adolescents living in disadvantaged versus non-disadvantaged neighborhoods in urban center, urban fringe, and non-urban areas.
Introduction
A nationally representative survey of US adolescents showed that nearly one-half met criteria for ever having a mental disorder and nearly one-fourth met criteria for ever having a mental disorder with severe impairment [1] . Children with mental disorders are more likely to miss school and sociodevelopmental opportunities, which can lead to difficulties in academic achievement and future employment, earnings, and family life [2] [3] [4] [5] . Moreover, these disorders often extend into adulthood [6] .
An array of factors at multiple levels-genetic, family, and environmental-may influence mental health. Adolescents may be particularly susceptible to the influences of their neighborhood environment, because of the shift from the home to the external environment during this developmental period [7] . Neighborhood socioeconomic disadvantage (henceforth, neighborhood disadvantage)-a ''proxy for a variety of specific features of neighborhoods potentially relevant to health,'' [8] -is the most widely studied neighborhood characteristic that may influence mental health.
Research into the relationship between neighborhood disadvantage and child/adolescent emotional disorders (i.e., anxiety and depressive disorders) has resulted in inconsistent evidence [e.g., [9] [10] [11] [12] [13] . No study has explained these discrepant findings, nor identified which disadvantaged neighborhoods may be particularly detrimental to child/adolescent mental health. A characteristic that identifies neighborhoods that have systematically different relationships between neighborhood disadvantage and mental health-and therefore could offer an explanation for the inconsistencies-is called an effect modifier.
It is possible that urbanicity is an effect modifier of the neighborhood disadvantage-adolescent mental health association. The previous studies that found an association between neighborhood disadvantage and emotional disorders tended to sample from urban populations [e.g., 10, 11, 13] , whereas studies reporting no association tended to sample from non-urban populations and broader metropolitan areas [e.g., 9, 12] . Living in a disadvantaged neighborhood in an urban area likely entails exposure to a different set of stressors than living in a disadvantaged neighborhood in a rural area. Although certain exposures detrimental to mental health are more prevalent in rural disadvantaged neighborhoods, such as a lack of access to mental health care and resources [14] , other stressors may be more prevalent in disadvantaged urban neighborhoods. Lack of green space, noise, residential instability and exposure to violence in the neighborhood and in the neighborhood school may be more prevalent in disadvantaged urban neighborhoods, and research has linked these stressors to emotional disorders [e.g., [15] [16] [17] . Therefore, we hypothesize that urbanicity modifies the association between living in a disadvantaged neighborhood; specifically, we hypothesize that the positive relationship between neighborhood disadvantage and emotional disorders is greater in urban areas than in non-urban areas.
A central challenge to testing this hypothesis, and to neighborhood research in general, is addressing non-random selection of families into neighborhoods [8] . The population of one neighborhood may look very different (e.g., in terms of race/ethnicity, income distribution) from another. This issue is typically addressed with regression adjustment. However, when trying to estimate the effect of living in one type of neighborhood versus another, this form of adjustment poses a problem if adolescents living in disadvantaged neighborhoods do not have similar (also called exchangeable) counterparts living in non-disadvantaged neighborhoods [18] . To address this challenge, researchers have increasingly drawn on propensity score tools [8] . However, we know of no study of the relationship between neighborhood and adolescent mental health that has used these methods.
Our objectives were to estimate the association between neighborhood disadvantage and emotional disorders in adolescents within levels of urbanicity and to test for effect modification by urbanicity, addressing non-random selection into neighborhoods through a propensity score approach. We used data from the National Comorbidity Survey Replication Adolescent Supplement (NCS-A), a nationally representative survey of adolescent mental health. Design-based, survey-weighted logistic regression models were combined across propensity score subclasses to estimate the relative odds of having an emotional disorder comparing similar adolescents living in disadvantaged versus non-disadvantaged neighborhoods in urban center, urban fringe, and non-urban areas.
Methods
The NCS-A is a nationally representative sample of adolescents in the continental United States designed as a survey of adolescent DSM-IV syndromes/disorders. The background, sampling and recruitment methods, and weighting scheme have been described elsewhere [19, 20] . Adolescents aged 13-17 years were sampled via dualframe household and school samples. Professional interviewers at the Survey Research Center at the Institute for Social Research at the University of Michigan administered face-to-face, laptop computer-assisted personal interviews in the adolescents' homes between February 2001 and January 2004. While an adolescent was being interviewed, one parent or parent surrogate was asked to complete a self-administered questionnaire; those who did not complete this questionnaire were asked to complete a short-form version. Weighting procedures adjust the sample of 10,123 adolescents to be representative of students in the US population in 2000 and are described in more detail elsewhere [19] . Informed assent and consent were obtained from each adolescent and his/her parent or guardian. 
Contextual measures

Neighborhood disadvantage
Neighborhood socioeconomic status (SES), based on a summary score derived from factor analysis by Diez-Roux et al. [21] , has been used in multiple epidemiologic studies [e.g., 22]. It is composed of six indicators from the US Census SF3: (1) log median household income, (2) percent households with interest, dividend, or rental income, (3) log median value of housing units, (4) percent persons over age 25 with high school degree, (5) percent persons over age 25 with college degree, and (6) percent persons in executive, managerial, or professional specialty occupations. Indicators were transformed to z-scores and summed to make a normally distributed summary score. We reexamined the factor structure and fit statistics in our sample and confirmed the one-factor structure. In our sample, the summary score had a Cronbach's alpha of 0.83 and ranged from -13.6 to 17.8 with a median value of -0.36. Neighborhoods in the lowest SES tertile were defined as disadvantaged, and neighborhoods in the two upper tertiles were defined as non-disadvantaged.
Urbanicity
Urbanicity was analyzed using the following Census-derived categories: (1) large mid-urban center (henceforth, urban center), (2) urban fringe, or (3) non-urban. Adolescents were categorized as living in a large mid-urban center area if they resided in a central county of a metropolitan statistical area. Urban fringe areas were defined as non-central counties of a metropolitan statistical area. Non-urban areas were defined as small to large towns or rural areas. The non-urban category was used as the reference category for the two dummy variables of urban center and urban fringe.
Individual measures
Outcome measures
During face-to-face interviews, all NCS-A participants were administered a modified version of the World Health Organization Composite International Diagnostic Interview (CIDI) to assess the presence of mental health disorders/ syndromes consistent with the DSM-IV [1, 20] . Past 12-month emotional disorder was defined as any anxiety disorder, major depressive disorder, or dysthymia. In accordance with prior recommendations, diagnostic algorithms for emotional disorders included only data obtained from the adolescent [23] .
Covariate measures
As recommended by Leventhal and Brooks-Gunn [24] , covariates included adolescent age (in years), race/ethnicity, immigrant generation, household income, maternal age at birth, maternal level of education, family structure, and region of residence (i.e., Northeast, Midwest, South, West). Adolescent age, race/ethnicity, immigrant generation, and family structure were obtained during the adolescent interview. Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, Hispanic, and Other. Immigrant generation was categorized as first (foreign born), second, or third or greater. Family structure consisted of two variables assessing whether or not the adolescent had lived his/her whole life with his/her (1) mother and (2) father. Maternal education, maternal age at birth (in years, modeled with linear and quadratic terms), and household income (log transformed) were obtained from the parent questionnaire. Maternal education was divided into four ordered categories: less than high school, high school, some college, and college graduate.
Statistical analysis
We used multiple imputation by chained equations to address missing data [25] . This procedure has been shown to be an effective way to address missing data in large datasets and requires less strict assumptions than excluding those with missing data [26] . Variables in the imputation model included variables hypothesized to influence response as well as all variables to be used in the analysis.
In implementing the propensity score approach, we followed previous recommendations for combining propensity score subclassification with complex survey data [27] . Additional details of this approach can be found in Online Resource 1. A propensity score [28] was estimated for each adolescent that is the predicted probability of living in a disadvantaged neighborhood at the time of the study as a function of the covariates specified above and their interactions with sex. We restricted the analysis to ensure that we compared participants living in disadvantaged neighborhoods to exchangeable participants living in non-disadvantaged neighborhoods for a final sample size of 9,600 adolescents.
Propensity score subclassification controlled for the bulk of confounding. Figure 1 , below, compares the imbalance in covariates (as measured by standardized mean difference) before and after subclassification. Covariate balance between the two exposure groups was achieved (all standardized mean differences less than 10 %) with the nine subclasses.
We ran design-based, survey-weighted logistic regression models within each propensity score subclass to estimate the log odds of having an emotional disorder as a function of neighborhood disadvantage, neighborhood disadvantage 9 urbanicity interaction (to assess effect modification), and propensity score (to help control for residual confounding). Variances were approximated using Taylor linearization using the survey package in the R statistical language (version 2.14.1). Coefficient estimates and variances were combined across subclasses using the MantelHaenszel method. Then, these average effects were pooled across the 100 imputed datasets using Rubin's combining rules [29] . All analyses were performed using R. Table 1 presents design-based, weighted descriptive statistics of the sample by neighborhood disadvantage status. Standardized Difference (%)
Results
Pre−Subclassification Post−Subclassification Fig. 1 Covariate balance pre-and post-subclassification. Plotted points represent the standardized mean differences (difference in means between the disadvantaged neighborhood group and nondisadvantaged neighborhood group standardized by the standard deviation in the disadvantaged group) for each covariate. Open dots represent standardized mean differences in the pre-propensity score subclassification data. Closed dots represent standardized mean differences in the post-propensity score subclassification data
The mean age of the participants was just over 15 years, and 49 % were female. A greater percentage of adolescents in disadvantaged neighborhoods were Hispanic or Black. Similar percentages reported living with their mother for their whole life, but fewer adolescents in disadvantaged neighborhoods had lived with their father for their whole life. In non-disadvantaged neighborhoods, mean household income was about $30,000 greater, and more mothers had a college education and were about 2 years older at the time of birth. Adolescents living in disadvantaged neighborhoods were more likely to live in the urban fringe and nonurban areas. The prevalence of emotional disorders was slightly higher in disadvantaged neighborhoods. We examined the associations between disadvantaged neighborhood residence and odds of emotional disorder by the level of urbanicity by running unadjusted and adjusted models, both incorporating the survey design and weights (shown in Table 2 ). The adjusted model also uses the propensity score methods described above to control for potential confounding.
In the unadjusted model, living in a disadvantaged versus non-disadvantaged neighborhood within an urban center was associated with a 70 % increased odds of emotional disorder (OR 1.70, 95 % CI 1.23, 2.34). The unadjusted association between emotional disorder and neighborhood disadvantage was not statistically significant in urban fringe or non-urban areas.
The inferences remained the same in the adjusted model. Living in a disadvantaged versus non-disadvantaged neighborhood was associated with a 59 % increased odds of emotional disorder (OR 1.59, 95 % CI 1.25, 2.03) among those living within an urban center. The adjusted association between emotional disorder and neighborhood disadvantage was not statistically significant in urban fringe or non-urban areas. Figure 2 depicts each odds ratio and its associated 95 % confidence interval. There is a dose-response relationship between neighborhood disadvantage and odds of emotional disorder with higher odds ratios across increasing levels of urbanicity. The formal statistical test for interaction of the urban center and neighborhood disadvantage terms was statistically significant; the association between neighborhood disadvantage and emotional disorder is more than twice as large (ratio of odds ratios 2.08, 95 % CI 1.23, 3.55) for adolescents living in urban centers versus non-urban areas. However, there is no statistically significant difference in the association between urban fringe and non-urban areas.
Discussion
In a large, nationally representative sample of US adolescents, we found that urbanicity modified the association between neighborhood disadvantage and emotional disorder. Disadvantaged neighborhood residence was associated with emotional disorder if the neighborhood was within an urban center, but there was no association if the neighborhood was within a rural or urban fringe area. These results advance previous research that did not consider the potentially modifying effect of urbanicity, and in part, address their conflicting results through demonstrating the impact of the urban environment [9] [10] [11] [12] [13] .
We recognize that the measurement of neighborhood disadvantage may differ depending on whether the neighborhood is in an urban or rural area. This issue is typically called measurement variance, and we performed a sensitivity analysis to assess whether our results could be an artifact of measurement variance of neighborhood disadvantage across levels of urbanicity. Multiple-group confirmatory factor analysis that allowed the loading coefficients of the neighborhood disadvantage measurement model to differ by urbanicity was used to estimate factor scores using the regression method [30] . Defining neighborhood disadvantage based on these factor scores did not change our inferences (results not shown but available from the first author).
As discussed in the introduction, urbanicity may exacerbate the association between neighborhood disadvantage and emotional disorders, because risk factors of poor mental health may be more prevalent in urban disadvantaged neighborhoods than in non-urban disadvantaged neighborhoods. A meta-analysis of twenty populationbased surveys of adults in developed countries found 21 % greater odds of anxiety disorders in urban areas compared to rural areas and 38 % greater odds of mood disorders (e.g., major depressive disorder, bipolar disorder) [31] . Despite a long history of research into the association between urbanicity and mental health, there has been surprisingly little research regarding specific characteristics of urban living that confer increased risk of emotional disorders [15] . Possibilities include lack of green space, residential instability, noise, and exposure to violence [e.g., [15] [16] [17] .
Our research findings have implications for future work and policy. Previous research suggested that children and adolescents in disadvantaged neighborhoods had poorer mental health than those in more advantaged neighborhoods [e.g., 10, 11, 13] . Our findings add that adolescents in disadvantaged urban areas may be particularly vulnerable to anxiety and depression, and therefore, targeting resources to this subpopulation may be appropriate. Risk conferred by the neighborhood and urban environment argues for policies that aim to improve neighborhood conditions [32] . Future work should identify specific neighborhood conditions that are detrimental to or protective of adolescent mental health. These findings can then be used to inform specific policy interventions, such as crime prevention strategies, school climate and safety interventions, and housing policies such as those designed to reduce racial and economic segregation.
In addition, future research should examine whether urbanicity modifies the associations between neighborhood conditions and adolescent behavioral disorders and substance misuse. Although researchers have studied the relationship between neighborhood conditions and substance use, externalizing problems, and risky sexual behavior [e.g., 33, 34] , few have used behavioral disorders that correspond to DSM criteria. In addition, there has been little research in exploring possible effect heterogeneity.
Our analysis is subject to several assumptions and limitations. We assume that the sampling weights correctly account for sample selection and non-response, and thus the results generalize to the population of US adolescents. We also assume that the propensity score model is correctly specified with no omitted variables. Omitted variables could result in biased effect estimates if there is confounding beyond that for which we have controlled. To test the sensitivity of our results to an unobserved confounder, we used the bias formulas in Vanderweele and Arah [35] . Taking the simple case of a binary confounder and imposing several assumptions, an unobserved confounder must be twice as prevalent in disadvantaged versus non-disadvantaged neighborhoods and 2.5 times more prevalent among adolescents with versus without emotional disorders to render our effect estimate non-significant (Online Resource 2 details this sensitivity analysis for an unobserved confounder. ) We also assume that measurement error is minimal and does not affect our inferences. However, our exposure variable is subject to measurement error for at least two reasons. First, Census tract is a proxy for neighborhoodhow residents and/or city planners would map neighborhood boundaries may differ from Census tract boundaries. Nevertheless, Census tracts allow neighborhood measures to be ''compared over time and across regions'' [36] , and are better than zip codes at detecting differences in socioeconomic gradation across areas [36] . Second, we may have misclassified neighborhoods as disadvantaged or non-disadvantaged. However, we believe that this misclassification is likely minimal as we are using a previously established scale and dichotomizing the exposure. Although using the first tertile as the cut-point may not be optimal, misclassification would likely be non-differential and bias our estimates toward the null. The outcome variable of emotional disorder is also subject to measurement error. However, the use of the CIDI in assessing mental disorder is a key strength. It is more reliable than unstandardized psychiatric diagnoses and shows good agreement with standardized psychiatric diagnoses [37] . It also has high content validity, as it is designed to correspond to DSM-IV and ICD-10 criteria [20] .
The large, nationally representative sample is a major strength of this analysis. With over 10,000 adolescents, the NCS-A is the largest nationally representative survey of adolescent mental health in the US, compiling data collected from adolescents, parents, and GIS-coded residence for an unusually large amount of information on context. Because of these attributes, we were well positioned to examine the role of urbanicity as a potential effect modifier of the association between neighborhood disadvantage and mental health. Incorporation of the survey design and weights into our analysis preserves the NCS-A's sampling strengths. It accounts for sample selection (incorporating strata and cluster variables) and non-response, thus addressing the clustering of adolescents within neighborhoods (clustering was low in this sample-there were an average of three adolescents per neighborhood). Incorporation of the survey design and weights allows us to interpret the results as being nationally representative, reduces bias from differential non-response, and helps protect our inferences from inflated Type-1 error rates through better standard error estimation [38] .
Another strength is our use of propensity score subclassification. As discussed previously, propensity score methods have an advantage over standard regression methods in that they allow the analyst to look at the data to assess (1) how well bias is controlled for in each covariate and (2) the extent of propensity score overlap and, thus, the range at which the data will support estimates. However, analysis using a standard multivariate logistic regression model did not change our inferences (results not shown but available from the first author).
Conclusion
The associations between urbanicity and mental health and between neighborhood disadvantage and mental health have been studied separately for more than 100 years [39, 40] . No known research has studied effect modification of the association between neighborhood disadvantage and mental health by urbanicity. However, adolescents live in neighborhoods that simultaneously comprise a level of urbanicity and a level of disadvantage. Our results suggest that the effect of neighborhood disadvantage on adolescent depression and anxiety is greater in urban centers than in non-urban areas. Recognizing the dependence of these contexts will aid future research in identifying specific characteristics of urban, disadvantaged neighborhoods (e.g., violence, residential instability, lack of green space) that confer risk of mental disorder, and in this era of shrinking budgets, will help channel funding and services to those youth most at risk. 
